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Abstract 
SaferBraIn (an EC-funded project within the FP7) aims at increasing the level of safety of the road transport systems, 
focussing on Vulnerable Road Users (VRUs) in India and Brazil.  
A Decision Support System (GIS-based application) is developed to select safety measures to reduce risk of accidents of 
VRUs, realize corrective and preventive analyses and road safety audits. The “corrective module” relies with analyses of 
VRUs accident data, identification of causes of accidents,  possible countermeasures basing on Cost-Benefit and Cost-
Effectiveness Analyses and monitoring of results. The “preventive module” realises road safety inspections and audits with a 
special focus on VRUs. 
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1. Introduction 
The efforts to reduce road fatalities in Europe have yielded significant results (about 35 % from 2001 to 2009 
in EU27), even if the 2010 objective of reducing the number of deaths by half was not fully reached. 
Of all traffic fatalities in EU Countries, the proportion of pedestrian fatalities is about 17% and that of cyclists is 
about 6%. The highest percentage of pedestrian fatalities occur among children younger than 10 years of age and 
adults aged 65 years or older. Cyclist fatalities have the highest share among children between 6 and 14 years of 
age. 
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Trends in fatalities among pedestrians and cyclists in Europe show that, since 1980, the numbers have 
decreased by about 65% and 55%, respectively. To put these figures into perspective, the number of fatalities 
among car drivers and their passengers only decreased by 35% (according to the 2008 European Road Safety 
Observatory – ERSO data). Despite this significant improvement in European Countries, the situation in 
Emerging Economies is getting dramatically worse. 
If we look at India, in 2006 the reported road traffic fatalities were nearly 106,000 with 84 % attributed to 
male deaths and 16 % to females, while the reported non-fatal road traffic injuries were approximately 453,000. 
Fatal accidents involving pedestrians and cyclists were respectively equal to 13% and 4% of the total. While 
India has only 62,000 registered vehicles per million inhabitants, the road traffic fatalities per registered vehicles 
is six times higher than in Europe. 
In Brazil, in 2006, there were 35,155 road traffic fatalities reported and about 408,000 non-fatal road traffic 
injuries. Fatal accidents involved 28% of pedestrians and 5% of cyclists. Here the number of registered vehicles 
per million inhabitants is lower than in Europe (about 259,000) but the road traffic fatalities per registered 
vehicles is three times higher than in Europe. 
These data show the gaps between India and Europe as well as Brazil and Europe and suggest that Europe 
could greatly improve Vulnerable Road Users (VRUs) Safety in these two Emerging Economies by transferring 
and adapting European findings to local applications. In order to increase the level of safety of Vulnerable Road 
Users (VRUs) in Emerging Economies a research project (SaferBraIn – Innovative Guidelines and Tools for 
Vulnerable Road Users Safety in India and Brazil) was established.  
The project started in October 2009 (duration of 30 months) and was developed in accordance with the FP7 of 
the European Commission. SaferBraIn analyzes the main risk factors for Vulnerable Road Users in Brazil and 
India and, based on European experiences and best practices, attempts to develop innovative methodologies and 
tools for planning, designing, and maintaining safe infrastructures in these Countries. The project also evaluates 
the transferability of these tools in order to modify them according to the experiences of local participants. 
The implementation of effective countermeasures and the achievement of higher safety levels (especially for 
VRUs in Emerging Economies) requires a significant improvement in local analysis, planning, and design 
capabilities. This paper describes a Decision Support System (DSS) developed as part of the project SaferBraIn, 
based on existing software used in Europe and other countries, assisting with road design decisions being made 
by local partners in India and Brazil, and potentially other Emerging Economies. 
The SaferBraIn DSS (accessible for free from the project web site - www.saferbrain.eu) was created in order 
to support decision-makers and technicians to define safety treatments for: 
x  Preventive Approach – i.e. verification of safety conditions and definition of improvements for infrastructures 
under design (Road Safety Audit) or for existing infrastructures (Road Safety Inspection). 
x  Corrective Approach – i.e. correction of unsafe conditions of infrastructures where road accidents are frequent 
and/or serious, basing on definition of accident causes and identification of possible countermeasures. 
The DSS can also support the selection of the more effective treatments basing on evaluation of impacts and 
costs of countermeasures (for corrective approach) or on estimation of most risky situations (for preventive 
approach). 
The DSS allows the users to add accident data in a specific database, to geo-reference the information and to 
visualize them through “Google Earth”. 
The tool is in line with the indications of the Directive 2008/96/EC on road infrastructure safety management, 
especially concerning road safety impact assessment for infrastructure projects (Article 3), Road safety audits for 
infrastructure projects (Article 4) and safety inspections (Article 6). 
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2. DSS objectives and functions 
The DSS aims to support the decision process for the safety of VRUs (especially pedestrians and cyclists) both 
for new infrastructures (design phase) and existing ones (planning phase, both if data on accidents are available 
or not). 
The analysis process helps the user in studying the characteristics of pedestrian and/or cyclist accidents and of 
the infrastructure, and in defining the most effective countermeasures to be adopted to reduce the risk of accident. 
The DSS was developed specifically for Brazilian and Indian cases. While the characteristics, mechanisms and 
functional possibilities of the tool are univocal, possible differentiations in term of countermeasures to be 
recommended for Brazil and for India have been introduced, based on the results of transferability analysis [1]. 
This approach also guarantees the easy adaptation of the tool to other Emerging Economies. 
The DSS supports technicians and decision-makers in: 
x accident analysis (involving pedestrians and/or cyclists); 
x road safety audit and inspection (from the point of view of pedestrians and/or cyclists). 
Two possible approaches were thus implemented: 
x Corrective approach, aiming to improve safety conditions of an infrastructure (or of an area), basing on 
removal of causes that generates accidents, by mean of punctual interventions. In this case a crash analysis 
tool has been implemented which, starting from accident causes, define the possible countermeasures to be 
adopted. 
x Preventive approach, aiming to eliminate the conditions that can favour accidents (i.e. reduce the risk of 
accidents), basing on the improvement of the safety conditions of an infrastructure. In this case, a tool 
supporting the risk assessment (road safety audit/inspection) of an infrastructure (i.e. existing or not) has been 
implemented. 
Figure1 provides an overview of the data input and output structure [2]. 
Guidelines for inputting
crash data and contributory
factors (part of D4.2 and
D4.3)
Input: General site
details Input: Costs
Corrective input:
Crash details
(road, road user)
Contributory factors
Preventative input:
Check/prompt lists where the
end user can tick or cross
whether each safety item on
the list has been considered
Relevant exposure data
Guidelines for
performing
safety audits/
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(Part of D4.2
and D4.3)
Intermediate corrective
output:
Main VRU accident causes
Digital accident maps (GIS)
Preventative output:
List of safety issues
Possible future accident types
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Levels of risk
Overall output:
Possible countermeasures
Impacts associated to
countermeasures
Qualitative benefits of
countermeasures
Effectiveness of countermeasures
Costs of Countermeasures
Benefit/cost ratio
Corrective verification:
Check/prompt lists where
the end user can tick or
cross whether each safety
item on the list has been
considered
Verification & selection of
effective accident causes
 
 
Fig. 1. DSS data input and output sequence 
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2.1. Corrective approach 
Main functions of the corrective approach are: 
x A database for accident data storage, structured according to a high level of detail; 
x Set of possible accident types (or target accidents, forming patterns); 
x Set of possible causes associated to the accident types (focusing on road infrastructure issues and how they 
interact with the human behavioural aspects); 
x Set of possible countermeasures associated to the causes.  
For each variation of accident cause/s - and therefore potential accident type - the most appropriate 
countermeasures are identified. This process provides the end user with options or suggestions for an appropriate 
corrective action or actions for the accident type (i.e. possible ways of reducing the likelihood of an accident of a 
specific type from reoccurring).Countermeasures include: 
x general engineering measures (basic interventions on road profile and/or alignment, as e.g. traffic calming); 
x dedicated engineering measures (interventions on road section e.g. segregated cycle paths);  
x signage and marking measures (e.g. warning signs for pedestrian traffic or the removal of unnecessary signs to 
improve visibility); 
x lighting issues (improved lighting at crossing points); 
x road maintenance (e.g. full visibility of road markings, properly up kept vegetation); 
x education of road users will also be considered to ensure acceptance of the altered/new traffic system/device; 
x set of impacts (e.g. costs, crash reduction factors, etc.) associated to the countermeasures; 
x functions for evaluating efficiency and effectiveness of countermeasures (cost-benefit method, cost-
effectiveness method); 
x functions to display results in digital maps (i.e. use of GIS). 
2.2. Preventive approach 
Main functions implemented for the preventive approach are suitable to support the analysis of existing 
infrastructures (i.e. on-site verification of VRU safety) and non-existing infrastructures (i.e. on-paper verification 
of VRU safety). They include:  
x Guidelines for performing road safety audits or inspections of pedestrian and cyclist issues; 
x Set of structured check or prompt lists for pedestrian and cyclist issues; 
x Functions for describing issues and suggestions to improve safety conditions; 
x Functions to associate safety evaluation (e.g. risk evaluation related to probability, exposure, and 
consequences) to the issues; 
x Set of qualitative benefits associated to countermeasures (suggestions); 
x Functions to sort and prioritize risky issues to be solved. 
3. DSS architecture 
The SaferBraIn DSS is composed by three main parts: 
x Accident data entry module (a desktop application intended to support the user in preparing accident database 
provided by geographic information and VRUs crash pattern descriptions). 
x Corrective analysis module. 
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x Predictive analysis module. 
The schema of the DSS architecture is shown in Figure 2 [3]. 
  
Fig. 2. SaferBraIn DSS architecture 
3.1. Corrective module: PCA 
The accident data relating to pedestrians and/or cyclists are put in the database on which the Pedestrian Cyclist 
Analysis (PCA) module performs its processing. Each accident is associated with a specific type of accident (i.e. 
“crash pattern"), allowing to understand the accident dynamics and identifying possible accident causes. The 
accident causes are related to the dynamics of the events and circumstances in which it occurred. It is possible to 
describe events and conditions through the crash pattern, allowing the user to identify the more likely factors 
affecting the safety of a site. 
Depending on the different issues related to safety that may be encountered on a particular site, the analysis is 
differentiated by type of road elements (road sections and intersections) as well as by type of VRUs (cyclists or 
pedestrians). To obtain meaningful results, the analysis approach requires a substantial amount of accident data. 
Depending on the amount of data available, the analysis process to identify possible countermeasures can be 
conducted through two different approaches: aggregated or disaggregated way. The aggregated mode refers to 
accidents where not much data about the accident is available (i.e. only the location and type of accident) and can 
be used for assessment of new roads where road safety audits have been or will be carried out. The disaggregated 
mode is used when complete accident data are available, including for instance information about critical 
elements. 
Figure 3 shows a block diagram representing the process implemented in PCA for the identification of 
possible countermeasures for pedestrians and cyclists with significant (disaggregated) and not-significant 
(aggregate) accident data.  
Once the approach is chosen, it is possible to select the road elements (Nodes or Links) to focus the analysis, 
given the diversity of issues that are usually raised at intersections and at road sections. 
The next step is the selection of all those elements with an accident rate greater than a calculated critical value 
C, representing a “critical accident frequency” (i.e. if an element accident frequency exceeds this threshold, the 
element should be considered for a more detailed analysis). The critical value C is calculated as the sum of the 
average number of annual accidents and the standard deviation of annual accident frequency. 
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Fig. 3. Block diagram of PCA analysis process 
The main critical element to be analyzed is chosen among the selected critical elements (typically the one 
having the greater frequency). Then the type/s of critical accident (crash or critical pattern) can be identified by 
calculating the ratio between the number of accidents observed for that crash pattern at that specific location and 
the average number of accidents, related to that crash pattern, occurring on the type of road elements considered. 
If the ratio is greater than one, then the crash pattern is considered critical for that element and should be taken 
into account in the analysis of possible causes. 
Each crash pattern is associated with a number of possible causes, and a range of possible countermeasures to 
these causes. It may not be that all possible causes associated with a selected crash pattern will be present or 
relevant for the site in question. For instance, if many collisions were reported in an intersection, one possible 
cause could be the presence of vehicles that slow down suddenly to turn right, but the real problem may actually 
be due to the frequent crossing of pedestrians. For collecting this level of information, an inspection to verify the 
existence of specific causes is necessary. 
The same is valid also for the countermeasures. To choose the most appropriate countermeasures, as well as 
ensure applicability to the selected site, the costs and benefits associated with each countermeasure need to be 
assessed. To give an indication of the expected benefits, the ability of the countermeasure to reduce the number 
of accidents is calculated, given by the estimated value of the effectiveness of the countermeasure and its 
confidence interval, which gives an idea of the value of effectiveness provided. 
The PCA process thus guides the user through the following web forms. 
x Settings: contains selection criteria for the type of data elements, type of road network, type of VRU, method 
for identification of critical elements. 
x Road elements (only disaggregated analysis): calculates and sorts the network elements for accident frequency 
(number of accidents during the period considered in the case of nodes and number of accidents per km in 
case of links). The accidents can be displayed through a free GIS tool (i.e. Google Earth, as in Figure 4). 
x  Crash Pattern: listing and classifying accidents crash pattern (type of accident) at a selected element site 
(disaggregated case) or for the whole area (aggregated case). It is possible to display detailed information 
about the selected crash pattern (Figure 5).  
x Possible causes: listing causes associated with the selected crash pattern. It is thus possible to select possible 
causes applicable to the selected crash pattern. 
x Possible countermeasures: listing the countermeasures associated with the selected causes and related to the 
selected crash pattern (Figure 6). 
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Fig. 4 Example of accident data displayed on Google Earth Maps 
 
Fig. 5. Example of Crash Pattern in PCA 
x Countermeasures Package: listing of countermeasures and package of countermeasures associated with the 
selected causes and related to the selected crash pattern. 
x Economic situation: section for entering financial data for the calculation of the economic situation. It is 
possible to set economic data for the countermeasures chosen to be examined. The user can select between 
cost/benefit or cost/effectiveness analysis and set the interest rate (Figure 7).  
x Summary Report: the report of the analysis performed in the current PCA project.  
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Fig. 6. Example of ccountermeasures form 
 
Fig. 7. Example of economics situation form 
3.2. Preventive module: RSA 
The DSS also allows users to create and manage predictive analysis through a specialised module for Road 
Safety Audit and/or Inspection, for different project stages: 
x Planning Stage. 
x Preliminary Stage. 
x Final Design Stage. 
x Work Zone Traffic Scheme. 
x Pre-Opening Stage. 
x Existing Roads. 
x Land Use Development Proposals. 
x Pedestrians. 
x Cyclists. 
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Details and documentation (images, PDF files, computer-aided design  files, etc) can be uploaded. It also 
possible to input geographic information to the document by giving latitude and longitude coordinates for the 
location that the file is related to. 
The RSA module can be used to add an issue to the project checklist (Figure 8), selecting a combination of a 
checklist item and a location. While the checklist items are automatically selected by project characteristics, 
locations can be added to the project by the user depending on their investigations. 
 
Fig. 8 RSA project checklist 
For each issue it is possible to set information concerning safety evaluation based on four aspects: 
x Exposure. 
x Probability. 
x Consequence. 
x Safety risk (a combination of above aspects). 
It is also possible to save a map link by copying/pasting an URL from Google Maps site. The user can then 
generate and print a report with the project summary (Figure 9). 
 
Fig.9 RSA project report, the Sao Paulo case study 
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4. Conclusions 
The DSS of SaferBraIn is a flexible tool that can be used by decision-makers and practitioners to analyse 
safety conditions of Vulnerable Road Users (with specific reference to cyclists and pedestrians). The tool can be 
used both for taking decisions in a preventive or in a corrective phase. 
The preventive approach relates with cases where accident data are not available, making impossible the 
choice of treatments based on accident analysis. This case typically refers to verification of safety conditions of 
infrastructure designs or on existing roads without accident data. Thus, the DSS supports the execution of Road 
Safety Audits or Inspections, providing specific check-lists for safety of cyclists and pedestrians and tools for 
reporting about recommendations proposed. 
The corrective approach relates with analysis based on accident data. In this case the DSS, basing on reliable 
data, provides a support for defining the accident causes and the possible countermeasures / treatments that can 
be adopted. The corrective approach is usually used to make safer infrastructures where several accidents occur. 
For this approach, the DSS also supports the identification of more reliable treatments basing on expected 
impacts and costs. 
In all cases, the tool has been developed in order to be adapted to the local conditions of India and Brazil and 
to be also easily adaptable to other situations or regions. 
The DSS aims to provide help to technicians and decision-makers to carry out accident analysis or road safety 
audits/inspections. Its use requires a knowledge and experience about road safety issues, especially necessary for 
selecting the most appropriate countermeasures or to produce recommendations for road safety audits. 
SaferBraIn DSS has been developed as a web application accessible for free from the project web site 
(www.saferbrain.eu).  
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